Using the medium of ZoBell as a basal formulation, we developed a medium to determine the oxidative-fermentative metabolism in marine bacteria. Different oxidative and fermentative collection strains, as well as a group of unidentified marine bacteria, were tested on modified ZoBell We have isolated a number of bacterial strains from seaweed that displayed the common characteristic of antibacterial activity (M. L. Lemos, A. E. Toranzo, and J. L. Barja, Microb. Ecol., in press). These antibiotic-producing marine strains are gram-negative rods, motile, cytochromeoxidase positive, and pigmented, showing the second ambiguous behavior described above (weak acid in both tubes) in the MOF medium. This reaction, which hinders identification, was also observed previously by us in some other antibiotic-producing marine strains isolated from seawater in the same area (8) .
Although bacteria are actually most definitively identified by molecular methods, knowledge of carbohydrate metabolism (oxidative or fermentative pathways) is valuable for the identification of certain bacterial groups. Growth in the oxidation-fermentation medium of Hugh and Leifson (2) with two tubes, one open (aerobic) and another closed (anaerobic), is a common test to determine this character.
One approach to the identification of marine bacteria is based on the revised scheme of Shewan et al. (1, (5) (6) (7) . In these schemes, the oxidation-fermentation test is the most important one to distinguish among large groups of marine bacteria. The Vibrio-Aeromonas group produces a clear fermentative reaction, while the Pseudomonas-AlteromonasAlcaligenes group can give any of three different results in the oxidation-fermentation test: oxidative, alkaline, or no change. Shewan We have isolated a number of bacterial strains from seaweed that displayed the common characteristic of antibacterial activity (M. L. Lemos, A. E. Toranzo, and J. L. Barja, Microb. Ecol., in press). These antibiotic-producing marine strains are gram-negative rods, motile, cytochromeoxidase positive, and pigmented, showing the second ambiguous behavior described above (weak acid in both tubes) in the MOF medium. This reaction, which hinders identification, was also observed previously by us in some other antibiotic-producing marine strains isolated from seawater in the same area (8) .
In this paper, we explore the use of a modification of the medium 2216 E of ZoBell (9) for a possible improvement of * Corresponding author. the results obtained with the MOF medium, with the aim of clarifying the oxidation-fermentation character of these marine strains.
To make the modified medium (ZOF) we used marine broth (Difco Laboratories) as the basal formulation supplemented with 1% glucose, 0.001% phenol red, 0.3% agar, and 0.05% Tris (Sigma Chemical Co.). The basal medium plus supplements (except glucose) was dissolved in distilled water, the pH was adjusted to 7.6, and the medium was sterilized by autoclaving. The glucose was prepared as a 10% stock solution, sterilized by filtration through a 0.22-,um-pore-size membrane (Millipore Corp.), and added aseptically to the semisolid basal medium to give a 1% final concentration. The complete medium was dispensed in 4-ml portions in sterile culture tubes (12 by 100 mm).
The MOF medium was made by the method of Leifson (3) , and the oxidation fermentation basal medium (Difco) was rehydrated in artificial seawater (OFSW) (4). In both media, the pH was adjusted to 7.6 with glucose added after sterilization.
To check the reliability of our modified medium, reactions produced in the ZOF, MOF, and OFSW media by oxidative and fermentative strains from different culture collections (Table 1) were compared. Forty-three strains (twenty-two strains were antibiotic producers) of marine origin from our collection were also tested in the three media.
Each strain to be tested was inoculated from logarithmicphase cultures into two tubes of each medium, one of which was overlaid with sterile paraffin oil. For all strains, tubes without glucose were inoculated as controls in the three media. All tubes were incubated at 20°C and examined daily, and the results were recorded after 7 and 14 days.
The comparison of reactions produced in the three media (OFSW, MOF, and ZOF) by the collection strains is shown in Table 2 .
We rejected the OFSW medium for routine use with marine bacteria because it did not support the growth of collection strains Flavobacterium marinotypicum, Oceanospirillum maris, Vibrio costicola, and strain P-52V or five of our strains. This inability of some marine bacteria to grow in the Hugh and Leifson medium was previously shown by Leifson (3) All collection strains, from different origins, reacted in the ZOF medium characteristically; the fermentative strains acidified both tubes, and only the aerobic tube was changed in the oxidative strains. The control tubes (without glucose) of this medium did not show any color change. However, in the MOF medium an extensive number of the oxidative strains, such as Acinetobacter sp., Alcaligenes aquamarinus, Alteromonas citrea, Alteromonas rubra, Alteromonas vaga, Flavobacterium sp., Oceanospirillum maris, Pseudomonas atlantica, P. diminuta, P. fluorescens, P. marina, Pseudomonas spp., and Xanthomonas sp., showed a slightly acidic reaction in the covered and uncovered tubes (Table 2) which should be interpreted as a weakly fermentative metabolism, which is clearly in disagreement with the metabolic characteristics of these strains.
It is noteworthy that the same contradictory behavior between the MOF and ZOF media was also obtained with all antibiotic-producing marine bacteria, as well as with other nonproducer strains of marine origin isolated by us. Therefore, considering the results obtained with the control strains, only the reactions produced in ZOF medium must be considered valid, allowing us to include these strains in the Pseudomonas-Alteromonas group.
The difference in color between the ZOF and MOF reactions probably was due to the different buffering capacity of each medium. The ZOF medium contains a higher protein concentration than the MOF medium, which increases its buffering capacity. One could expect that this greater amount of protein could decrease the ability of ZOF medium to detect the production of low levels of acid. However, many of the control strains tested were marine pseudomonads with a weakly oxidative metabolism; all of them reacted in the ZOF medium according to their characteristics, while in the MOF medium a weakly fermentative reaction was showed by these strains. In addition, when buffering was decreased in ZOF medium (by omitting Tris), a weak acidification of the anaerobic tube was observed (similar to results with the MOF medium) in the oxidative strains, and a light alkaline reaction was observed in some control tubes. Thus, the ZOF medium, despite its greater buffering capacity, keeps enough sensitivity to detect a low level of acid production.
The oxidative strains of nonmarine origin (P. diminuta, P. fluorescens, and the five strains from freshwater fish) also gave better results in the ZOF than in the MOF medium (Table 2 ). This is of particular interest because facultative halophilic bacteria are frequently isolated from the sea and estuaries. Therefore, this medium could be used satisfactorily to identify many of the bacteria found in a marine environment.
In conclusion, the ZOF medium, in addition to supporting an optimum bacterial growth, presents the following advan-NOTES 1543 tages: (i) more clear-cut oxidative reactions are produced by marine oxidative strains, (ii) bacteria with a diverse range of salinity requirements give reliable reactions in this medium, and (iii) the same basal stock medium (marine broth) can be used for different assays. Therefore, we consider the ZOF as a useful medium in the determination of oxidative-fermenta--tive metabolism of marine bacteria, especially members of the family Pseudomonadaceae.
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